In this paper, a cosmological solution for Mimetic Dark Matter (MDM) for an exponential potential is provided. Then, a solution for the 0 − i perturbed Einstein's differential equation of MDM is obtained based on the exponential potential. The first-order fluctuation of MDM matches the CMB's fluctuation from the Planck satellite.
Introduction
A modification of general relativity was proposed in [1] where a metric g µν is defined by a scalar field φ and an auxiliary metricg µν g µν = (g αβ ∂ α φ∂ β φ)g µν
The equations of motion that result are similar to Einstein's equations of motion with an extra dynamical term. When the scalar field φ(x µ ) ≡ τ (synchronous gauge), the extra term mimics cold dark matter even in the absence of normal matter.
Consider the actions in [2] [3] [4] ,
.. ) (2) where − 1 2 R(g µν ) is the Lagrangian of General Relativity, V (φ) is a potnetial, and L m is the Lagrangian of matter. By varying the action with respect to g µν and λ, and taking the trace, equations (13) and (14) in [2] are obtained,
Note that the normalization condition on the four-velocity u µ u µ = 1 is similar to the scalar field equation (4).
For a flat universe with metric,
taking φ = t and calculating the time-time component of equation (3) [2]
where,
and for a given V (φ) = V (t) could be obtained for a(t). By multiplying equation (6) by a 3 and differentiating with respect to time, and substituting y = a 
This equation allows to find cosmological solutions for a(t) for any given potential.
Solution for Exponential Potential
Plugging in the exponential potential [5] ,
in equation (8) The solution to this differential equation is well-known by Bessel's functions,
where C 1 and C 2 are constants. The form of a(t) is,
It can be deduced that for t −→ ∞, a(t) ∝ t 2 3 which is similar to the scaling factor of a matter-dominated universe. On the other hand, for t −→ 0,
For α positive, a(t) grows exponentially as an inflationary universe. However, for α negative, a(t) leads to an oscillatory universe in the beginning of time.
The energy density of mimetic matter can be obtain as [2] ,
and the pressure,p
and the equation of state is
Moreover, it can be deduced from (10) that the density, pressure, and equation of state evolve like dust in a matter-dominated universe for t −→ ∞
In order to trigger inflation in the beginning of time,ä(t) > 0 must be satisfied. The acceleration equation is,
Hence, ε + 3p < 0 must be true. Density is always positive; therefore, we must have negative pressure satisfying
Let ε 0 be the total density excluding the density of mimetic matter so that ε =ε + ε 0 . To get inflation from equations (22)- (24),
This is valid for t very small and positive α. However, if inflation lasts at least 70 e-folds, then the energy density of MDM would be negligible. To solve the problem, a coupling field must be coupled to the inflation field as proposed in [1] .
Perturbative Solution of the Scalar Field in the Newtonian Gauge
Scalar perturbations are considered in the Newtonian gauge. Vector perturbations are neglected because they decay in an expanding universe and because inflation rules out large primordial vector perturbations. In the Newtonian Gauge, the metric of the perturbed universe can be expressed as [6] 
and
is the perturbation of the scalar field. Perturbing the equations that result from action (2), it can be deduced from [2] that there's one expression for δφ for all wavelengths,
Note that the first equality in (31) is deduced from (4). When spatial derivatives are neglected, expressions (30) and (31) are exact general solutions for long wavelength cosmological perturbations [6] . In order to account for different wavelengths' perturbations, a term is added to the action (2),
where γ is a constant and = g µν ∇ µ ∇ ν . The action becomes [2] ,
The 0−0 and i−j Einstein's equations remain the same up to a normalization constant. On the other hand, the perturbed 0 − i Einstein's equation [2] δφ + Hδφ − c 
By taking the limit of t −→ ∞ in (13) is similar when taking the limit of the argument of Bessel's function to zero because of the decaying exponential function inside the argument of Bessel's functions. So for small x ,
Hence, the scaling factor (13) becomes as t −→ ∞,
This equation can be expressed again as,
where β = 0.5772 + ln(
) is just a constant. By substituting (39) in (33), and solving the differential equation, we can get an idea about the evolution of δφ at a very large time-scale and for different wavelengths. For short wavelength perturbation H andḢ are neglected because
However, for long wavelength perturbation, the term 
Equation (41) can also be obtained by a second method; if we plug equation (39) in (30), and choose A ∝ λ we would get equation (41) again. Note that the perturbation amplitude grows as a function of time only. In traditional cosmology, the exponential potential in (9) drives a power-law inflation (PLI) for λ,
where a(t) ∝ t p and p > 1 to be considered as a PLI. However, in our case, a(t) ∝ t 
Conclusion
In this paper, an exponential potential was plugged in the differential equation of MDM that relates any potential to any scaling factor in cosmology. At the limit of time goes to infinity, the density, pressure, and equation of state behave like dust in a matter-dominated universe, and in the limit of time goes to zero, a condition on the density can trigger inflation but without satisfying the 70 e-folds condition. Furthermore, a first-order fluctuation is obtained. This can be accomplished by taking the limit of a(t) at infinity and plugging it in the 0 − i perturbed Einstein's equation of a scalar field in the Newtonian gauge. Finally, it is worth noting that the obtained amplitude fluctuation from MDM is of the same order as that in CMB.
